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Abstract
One hundred forty students in grades 3, 5 and 8
were tested to compare error patterns for whole number
addition, subtraction, multiplication, and division.
Results showed that error patterns do persist from
grade to grade.

The most prevalent errors were:

lack

of mastery of basic addition and multiplication facts;
failure to understand place value and numeration; and
confusion with subtraction and regrouping.
The study concluded that because error patterns
endure, teachers must be prepared to identify and
remediate, as well as prevent errors through informed
methods.

Future studies should focus on error patterns

in other grades and the effect of computer assisted
instruction on student errors.
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Introduction
Problem Statement
How do whole number addition, subtraction,
multiplication and division computational error
patterns compare for randomly selected students in
grades 3, 5 and 8?
Rationale
Educators are today, more than ever before, held
publicly accountable for students' progress.

This

phenomenon has evolved through increased public
awareness; the press; computer and information systems;
and dependence upon testing.

Goldberg and Harvey

(1983, p. 15) report "The unprecedented attention now
being paid to education is evidence of public concern."
In reply to A Nation at Risk, the national report
compiled by the National Commission on Excellence in
Education, Goldberg and Harvey (1983, p. 17) recommend
that "citizens across the U. S. hold educators and
elected officials responsible for providing the
leadership necessary to achieve these reforms."
Specifically, demand for increased effectiveness
in the math classroom has been emphasized.

"The

concern for improving the mathematics achievement of
U. S. students has reached record proportions."
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(Klingele and Reed, 1984, p. 712)

Teachers who will

meet these demands must go beyond the mere reporting of
scores to the closer evaluation of students' work.
Careful analysis of computations is vital to
remediation.

Although computer assisted instruction,

tutoring, and remediation programs abound, we cannot
use them if we are unable to identify the root
problems.
Robert Ashlock (1982, p. 1) states:
If the written work of a child is to provide
useful information for diagnosis, that work must
not only be scored, it must be analyzed as well.
The teacher needs to observe what the child does
and does not do; he needs to note the computation
which has a correct answer and the computation
which does not have a correct answer; and he
should look for those procedures used by the child
which might be called mature and those which are
less mature.

2

Usual scoring techniques do not

distinguish among procedures used to get correct
answers; frequently they do not even distinguish
between situations in which the child uses an
incorrect procedure and situations in which the
child does not know how to proceed at all.
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Morris Picus (1975, p. 580) agrees that:
One important aspect of a teacher's job is to
determine how a child goes about getting the wrong
answer.

Careful examination of the kinds of

errors made may reveal patterns that are quite
logical to a child, if not to us.
The study of computational error patterns--those
observable procedures students use--is an invaluable
classroom tool for teachers to markedly improve skills.
Since computation is a principal objective of the
elementary school mathematics program, grades 3, 5 and
8 merit investigation.

Through the study and

identification of systematic errors teachers can
effectively modify their instruction.
The implications of error pattern study are
profound for teacher training and computer assisted
instruction.

The idea that seemingly random or careless

errors are actually systematic is a revelation to many
student teachers.

(Brown and Burton, 1978)

Because

computer assisted instruction is now routinely part of
classroom instruction (Edwards, Norton, Taylor, Weiss
and Dusseldorp, 1975) new research is needed related to
possible changes in students' learning mode and error
patterns.
study.

These two areas are beyond the scope of this

9

Purpose
The purpose of this study is to compare types of
addition, subtraction, multiplication and division
error patterns for whole number computations.
Specifically, a study will be done for randomly-selected
students in grades 3, 5 and 8.
Definitions
1.

algorithm - a rule or procedure used for solving a
mathematical problem.

2.

error patterns - repeated applications of erroneous
definitions or incorrect procedures (Ashlock,
1982) .

3.

identity - refers to the use of zero and one in
mathematical problems.

Zero is the identity

element for addition, and one is the identity
element for multiplication.
4.

systematic error - an incorrect response for an
algorithm which occurs in three out of five
problems of a given type (Cox, 1975).

10

CHAPTER 2
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Review of the Literature
Historical Perspective
In a two-year study, L. S. Cox (1975) classified
and analyzed the systematic errors made by 700 2nd
through 6th graders in the operations of addition,
subtraction, multiplication, and division.

The study

concluded that 5-6% of the children made systematic
errors in addition, multiplication, and division, while
13% made errors in subtraction.

Cox stated that "In

every case, the child's behavior indicated that he
realized patterns and structures are necessary for
solving computational problems.

He simply had not

perceived or recorded the correct pattern"

(p. 218).

Of special note was the follow-up study done one year
later to see if systematic errors persisted.

Results

indicated that "Almost one-fourth of the children in
the follow-up study were making either the identical
systematic error or another systematic error on the
same algorithm one year later"

(p. 220).

Gerhard Roberts (1968) reported the failure
strategies of a sample of 766 third grade students by
quartiles.

Of the 2795 errors found, 36% were due to

defective algorithms.

In fact, "weakness in algorithmic

techniques accounts for the largest number of errors in
all quartile groups except the lowest quartile"

(p. 443).
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Eighteen percent of the errors were computational, that
is, incorrect use of addition or multiplication tables.
He concluded that "the actual number of errors due
purely to careless numerical errors and/or lack of
familiarity with the addition and multiplication tables
is fairly constant throughout all four ability levels"
(p. 443).

He noted that many students who did not know

how to work a problem filled in the answer blank
anyway.

He attributed this to teacher pressure to

complete the problems, and to "pupils' personal
predilection to 'fill in' answers to gain a sense of
having completed a task, no matter how poorly" (p. 446).
Finally, Roberts called for remedial programs which
more carefully analyze the student's method or lack of
method.
A survey by L. Kilian, E. Cahill, C. Ryan,
D. Sutherland, and D. Taccetta (1980) found 97% of the
errors to be procedural or calculation.

Again, these

results implicate incorrect algorithms and/or mistakes
in the multiplication tables.

One hundred twenty-one

elementary students were studied and 685 errors were
found on 3,294 multiplication examples.

The authors

deduced that:
errors that might appear random or careless when
the work of an individual child is considered take

13
on discernible patterns when the work of many
students is considered.

The teacher, in selecting

or constructing multiplication examples for
practice, in formulating a review lesson for
multiplication, or in introducing the multiplication
algorithm, should be aware that these kinds of
(p. 24)

mistakes occur most frequently.

A significant recap of division was compiled by
William McKillip (1981).

It focused upon students,

ages 9 and 13, who completed exercises for the National
Assessment of Educational Progress.

He reported that

at age 9, 74% of the students correctly divided a
2-digit dividend, but without using the division
algorithm.

Only 19% divided correctly a 2-digit

dividend using the division algorithm.

By age 13,

about 70% correctly worked exercises with 3-digit
dividends, using the division algorithm.

He found the

following:
The most striking category of errors was that
labeled 'unclassified.'

The percent varies from

10 percent to over 40 percent, and in every case
the percent of unclassified errors far exceeds the
percent of classified errors.

It seems reasonable

to assume that errors in basic facts, in
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multiplication, and in subtraction were responsible
for many incorrect results on exercises.
In 1977 a study was completed by A.

o.

(p. 35)

Graeber and

L. Wallace on the addition, subtraction and multiplication
errors for elementary students.

Samples were taken

from pretests on specific skills.

They reported that:

The over-all percent of systematic errors for
addition was 12%, for subtraction 40%, and for the
two multiplication skills 19%.

It is interesting

to note that Cox also found the percent of
multiplication and addition tests with systematic
errors to be similar, while the percent of systematic
"
errors on subt rac t lon
was conSl"dera bl y h"19h ere 50
(p. 62)
It should be noted that errors were classified as:
systematic; fact errors; three or more random errors;
two errors: one or no errors.

Also, "only 32 of the

1,088 tests analyzed (2.9%) included three items that
were incorrect due to fact errors" (p. 64).

The

authors stated that teachers do not always use the
results of pretests to diagnose.

They concurred with

this author's earlier suggestion that the data generated
should be used for teacher training and curriculum
development.
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J. M. Engelhardt's (1977) study of the computational
errors of 198 third and sixth-grade students on an 84
item test resulted in a specific extension of Robert's
previous efforts.

Eight error types (rather than only

four studied by Roberts) were found.

These types were

basic fact; grouping; inappropriate inversion; incorrect
operation; defective algorithm; incomplete algorithm;
identity; and zero errors.

Broken into quarti1es, the

statistics revealed the direct relationship between the
number of items attempted, the level of competence, and
the number of errors committed.

The numbers of items

attempted increased with competence and the number of
errors decreased.

Over 40% of the total errors were

committed by students in the lowest quartile.

Engelhardt

concluded that competent performance is distinguished
from incompetent performance by a lack of errors
dealing with basic facts, grouping, inappropriate
inversion, defective algorithm, incomplete algorithm
and the zero concept.

Also, since basic fact errors

were the most common type in all quartiles, increased
attention should be given to this area.

Finally, the

error type which distinguished highly competent
performance was the defective algorithm error type.
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As early as 1930, L. J. Brueckner (1930) studied
error patterns for elementary students.

His results

paralleled those mentioned in subsequent studies.

He

cited the most common source of difficulty in addition,
subtraction, multiplication, and division as errors in
basic combinations.

The most common faulty algorithms

involved carrying or borrowing, coupled with difficulties
with zero.

He concluded that:

various psychological factors such as lapses in
attention, short attention span, confusion of
processes, and the like are a prolific cause of
difficulty in addition.

Much of the difficulty in

adding long columns of figures in grades 3, 4, and
5 is due to the breaks in attention as the pupil
proceeds up or down a column of figures.

(p. 122)

J. S. Brown and R. R. Burton (1978) completed a
study using a computer program designed to diagnose
procedural "bugs."

They examined responses for 1325

fourth, fifth and sixth graders.

Nearly 40% of the

students consistently used incorrect algorithms.

They

remarked:
Most of the difficulties arise while borrowing,
especially when a zero is involved.

The most

common bug was 'when borrowing from a column in
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which the top digit is 0, change the 0 to 9 but do
not continue borrowing from the next column to the
left'; it occurred alone or together with other
bugs 153 times in the 1325 student tests.

(p. 181)

Our experience has been that students are remarkably
competent procedures followers, but that they
often follow the wrong procedures.

(p. 157)

Computational Error Pattern Types
The studies mentioned specific error patterns in
all four operations.

Basic fact errors (incorrect

addition, subtraction or multiplication tables) were
reported often, and accounted for a great many errors.
One of the most prevalent systematic errors was in
subtraction, where a student used reversal, for example

42
-19

37
(subtracted the smaller minuend from the larger
subtrahend).

The most prevalent systematic errors are

outlined here:
1.

multiplying vertically (Engelhardt, 1977)

(Ashlock, 1982)
I

123
x 42

186

432
x 229
878

18
2.

adding columns, with no attention to place

value or regrouping (Engelhardt, 1977)
58

+ 83
1311
3.

using an incorrect operation (Engelhardt,

1977)
4

x 2

-6

4.

difficulty with the concept of zero or one

(Engelhardt, 1977)
4

2

--1

-0

x 1

5.

- 0

4

x 0

-4

working from left to right (Ashlock, 1982)
I.f-

385

+ 667
9116
6.

borrowing when not needed (Ashlock, 1982)
-,/

2~5

- 53

2212
7.

adding carried numbers prior to mUltiplying

(Ashlock, 1982)
""24

x 6
244

19
8.

not allowing for having borrowed (Brueckner,

1930)
63
- 47

~

9.

failing to borrow, giving zero as the answer

(Brueckner, 1930)
47
- 28

~

10.

failing to add the carried number
~
'J.769
(Roberts, 1968)
23
(Brueckner, 1930)
878
x 8
1537
164

11.

carrying the wrong number (Brueckner, 1930)
I

93
x 7
642
12.

misplacing columns in multiplication (Kilian,

1980)
234
x 12
468
234~

13.

omitting zero in quotient (McKillip, 1981)
19
28/3052
28
252

252
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14.

digits of addends are summed, disregarding

place value (Graeber & Wallace, 1977)
33

+ 29

-U
15.

(3 + 3 + 2 + 9

=

17)

adding single digit addend to both digits of

the other addend (Cox, 1975)
46

+ 3

79
16.

dividing the divisor into each digit without

forming any partial products (Cox, 1975)
101

5/6'6'8
17.

poor alignment of digits in columns (Pincus,

1975)
318
+ 1241
509
13

21
Procedures
This study compared computational error patterns
for elementary students in grades 3, 5 and 8.

Addition,

subtraction, multiplication, and division were included
for whole numbers only.
Population
Six classes of students were tested, two each from
grades 3, 5 and 8.

All students resided in the

metropolitan Jacksonville area.

One hundred forty

students were tested, at all ability levels.
Testing Conditions
The tests were administered during the regular
school day.

Eighth graders had a time constraint of

one class period, and finished within that time frame.
Third and fifth graders were encouraged to complete the
test, and had a longer time available because they did
not change classes.

Students were required to show

work on the test paper, so that the tests could be
closely analyzed.

All tests were graded by the author.

Evaluation
Students were evaluated on the number of problems
incorrect, the types of problems with errors, and
specific error patterns.

The conclusions focused upon

comparing error patterns among grade levels and causes

22
of error.

Errors which were found in the lower grades,

and still persisted at the eighth grade were noted.
Test Content
Third grade students were tested on 25 problems
dealing with addition and subtraction only.

All

problems were categorized by Type, using the 17 types
listed in the Review of the Literature.
problems of each type were included.

At least two

See Exhibit A.

Fifth and eighth grade students were tested on the
same addition and subtraction problems as the third
grade.

However, multiplication and division were

added.

All problems were again categorized by Type.

See Exhibit B.
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Exhibit A
Find each sum.

Show all work.
TYEe 15

TYEe 2
(1)

(2)

57
+ 98

32
+ 89

(3)

+

(4)

25
3

TYEe 4
(5)

19
+ 30

(6)

20
+ 58

85
+ 67

(11)

47
8

TYEe 3
(7)

80
+ 70

(8)

4
+ 2

(9)

6
+ 3

(13 )

45
+ 66

(19 )

40
- 11

(23)

82
- 55

-TYEe 10

TYEe 5
(10)

+

36
+ 28

(12)

38
+ 77

TYEe 14
(14)

46
+ 32

(15)

62
+ 13

Find each difference.

Show all work.
TYEe 4

(16)

3
- 0

(17)

87
- 40

(18)

70
- 37

TYEe 6
(20)

36
- 15

(21 )

TYEe 8
78
- 37

TYEe 9
(24)

38
- 19

(25)

23
- 14

(22)

74
- 37
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Exhibit B
Find each sum.

Show all work.

Type 2
(1)

Type 15
(2)

57

+ 98

(3)

32
+ 89

+

(4)

25
3

Type 4
(5)

19

+ 30

(6)

20

+ 58

85
+ 67

(11)

47
8

TYEe 3
(7)

80

+ 70

4

(8)

(9)

+ 2

TYEe 5
(10)

+

6
+ 3

--

TYEe 10
36
+ 28

(12)

38
+ 77

(13)

45
+ 66

(19)

40
- 11

(23)

82
- 55

TYEe 14
(14)

46
+ 32

(15)

62
+ 13

Find each difference.

Show all work.
TYEe 4

(16)

3
- 0

(17)

87
- 40

(18)

70
- 37

TYEe 6
(20)

36
- 15

(21)

TYEe 8
78
- 37

TYEe 9
(24)

38
- 19

(25)

23
- 14

(22 )

74
- 37
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Show all work.

Find each product.
TYEes 1 and 12
(26)
x

(27 )

521
24

TYEe 3

687
x 236

(28)

6
x 3

TYEe 4
(30)
x

7
x 8

TYEe 7

(31 )

430
50

(29)

x

408
70

x

39
7

(32)
x

679
6

(33 )
x

28
7

TYEe 11
(34)

x

34
6

(35 )

TYEes 13 and 16
(36)

6/4,236

(37)

2/616

TYEe 4
(39)

3/6,900

(40 )

5/5,030

(38)

7/42,574
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CHAPTER 4
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Data Analysis
One hundred forty papers were analyzed for
computational error patterns.

In addition, there were

four categories of errors added to the analysis.
were:

They

lack of basic facts; miscellaneous or undetermined;

subtraction of larger number from smaller number,
regardless of position; and problem not completed.
"Lack of basic facts" included all errors in
calculation in all four operations.

"Miscellaneous"

contained all errors not identified by the 17 types, as
well as mistakes which showed no pattern or sense.
"Subtraction of larger number from smaller" dealt with
failure to regroup, for example:

82
- 55
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And "problem not completed" accounted for problems not
attempted or finished.
Table I reports the mean, mode, range, and median
scores.

All measures of central tendency showed a

significant improvement from grade 5 to grade 8
(remembering that both grades took identical tests).
The range of scores was much larger for grade 5, and no
perfect scores were reported for that grade.
had three perfect papers.

Grade 8

In all grades the mean and

median scores were nearly the same.
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Table I
Raw Score Data, Based Upon
Number of Items Correct
3rd Grade

5th Grade

8th Grade

Range

8-24*

13-38

26-40

Mean

15.9*

24.9

35.6

Median

16*

27

37

Mode

19*

27

38

*3rd grade test included only addition and subtraction.
Highest possible score was 25.
Tables II and III describe the number and percentage
of each error type, respectively.

In grades 5 and 8,

the most prevalent error was lack of basic facts.

In

grade 3, lack of basic facts was second only to
subtraction of the smallest number from the largest.
In actuality, the percentage of problems missed due to
fact errors increased with grade level.
Third graders subtracted the smallest number from
the largest, regardless of position, more than any
other error.

However, the incidence of this error did

decrease steadily by grade, and almost disappeared in
grade 8.

Error types 2, 5, 9, and 10 also disappeared

in grade 8.
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The concept of zero, and the use of an incorrect
operation were significant trouble areas in all grades.
But the incidence of both was lowest in grade 5.
Subtraction was a problem operation for all
grades.

Although there were fewer subtraction problems,

59% of all problems missed in grade 3 were in subtraction.
In grade 5, almost 69% of errors made in addition and
subtraction were made in subtraction.

By grade 8,

almost 53% of these errors were still on the subtraction
problems.
all kinds.

Related to this were regrouping errors of
According to Table III, 56.8% of grade 3

errors dealt with some kind of regrouping error or
failure to regroup.

Regrouping errors decreased to

24.3% in grade 5 and 12.3% in grade 8.
Multiplication and division accounted for many
errors of varied types for grades 5 and 8.

Test

problems number 28 and 29, which were strictly basic
multiplication fact, were missed 2 times in grade 8,
but 25 times in grade 5.

Multiplying vertically

accounted for 7.7% of grade 5 errors, decreasing to .5%
in grade 8.

Table III shows a high level of incidence

of omitting zeros in quotients, increasing from 13% in
grade 5 to 20.5% in grade 8.

Dividing with no partial

products accounted for a significant albeit lower
percentage of 9.8% in grade 5 and 5.6% in grade 8.
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Table II
Number of Errors, By Type
3rd Grade
Type 15
(adding single digit
addend twice)

5th Grade
2

8th Grade
3

Type 2
(adding, no place
value or regrouping)

37

9

Type 6
(borrowing when not
needed)

17

4

2

8

7

9

58

1

81

2

4

7

Type 8
(not allowing for
having borrowed)
Type 9
(failing to borrow)

18

Type 1
(multiplying vertically)
Subtracting smaller
number from larger,
regardless of position

120

Type 7
(adding carried numbers
prior to multiplying)
Type 10
(failing to add
carried number)
Type 11
(carrying wrong number)
Type 12
(misplaced columns,
multiplication)

24

18

8

3

51

7

31
3rd Grade

5th Grade

8th Grade

Type 13
(omitting zero in
quotient)

98

40

Type 16
(no partial products)

74

11

Type 3
(incorrect operation)

28

41

14

Type 4
(concept of zero)

48

30

19

3

23

Lack of basic facts

61

154

62

Miscellaneous or
Undetermined

22

24

4

8

67

11

394

753

195

Type 5
(working from left
to right)

Problem not completed
Total errors

Table III
Percentage of Errors, By Type
3rd Grade
Type 15
(adding single digit
addend twice)

5th Grade
.3

Type 2
(adding, no place
value or regrouping)

9.3

1.2

Type 6
(borrowing when not
needed)

4.3

.5

8th Grade
1.6

1.0
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3rd Grade
Type 8
(not allowing for
having borrowed)

2.0

Type 9
(failing to borrow)

4.6

Type 1
(multiplying vertically)
Subtracting smaller
number from larger,
regardless of position

30.5

Type 7
(adding carried numbers
prior to multiplying)
Type 10
(failing to add
carried number)

6.1

5th Grade

8th Grade

.9

4.6

7.7

.5

10.8

1.0

.5

3.6

2.4

Type 11
(carrying wrong number)

1.1

1.6

Type 12
(misplaced columns,
multiplication)

6.8

3.6

13.0

20.5

9.8

5.6

7.1

5.5

7.2

12.2

3.9

9.7

.8

3.1

15.5

20.4

Type 13
(omitting zero in
quotient)
Type 16
(no partial products)
Type 3
(incorrect operation)
Type 4
(concept of zero)
Type 5
(working from left
to right)
Lack of basic facts

31.8
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3rd Grade

5th Grade

8th Grade

Miscellaneous or
Undetermined

5.6

3.2

2.1

Problem not completed

2.0

8.9

5.6

Although care was taken in this analysis to be as
objective as possible, certain factors and observations
require clarification.
than one error type.

Many problems fell into more
When this occurred, the problem

was classified by the most blatant error, or the one
which appeared first.

Often a fact error was paired

with another type, and was classified as fact error.
Problems 18 and 19, which dealt with zero and regrouping
were classified as "subtracting smaller from larger" if
the student continued this pattern on other problems.
This seemed the most consistent way.

If the student

did not subtract smaller from larger on other problems,
then problems 18 and 19 were grouped as zero errors.
Other interpretations were made as needed.

It should

also be noted that students were observed counting on
fingers during testing.
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Interpretation
The fact that error patterns persisted from grade
to grade, and the analysis of those patterns point to
specific causes and areas of concern.

They are:

1.

understanding of numeration and place value

2.

concept attainment

3.

failure to estimate

4.

mastery of basic facts

5.

ability to carry out multi-step problems

6.

confusion concerning zero concept

7.

ability to do computation mentally

8.

prerequisite skills

9.

false generalizations

Basic fact errors accounted for the majority of
mistakes.
and 8.

They increased from grade 3 to grades 5

Because fifth and eighth graders needed

multiplication and division facts, an increase was
logical.

Also, multiplication and division problems

required addition and subtraction facts as well as a
multi-step algorithm.

The practice of finger counting

attributed to inaccuracy.

Students simply have not

spent enough time on mastering basic combinations.
Fact errors persist from grade to grade.
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Estimation of the answer could have alerted
students to errors.

This problem, taken from a fifth

grade paper, illustrates:
x

34
6
35

This demonstrated failure to estimate, as well as
misconception of the multiplication operation itself.
Adding numbers with no place value or regrouping
showed confusion over our numeration system and the
concept of place value.

The fact that this type

decreased with grade and disappeared in grade 8 signified
a better grasp of the concept with age and maturity.
Third graders would benefit from increased use of
manipulatives to expand the concept of place value.
Vertical multiplication all but ended in grade 8,
showing greater understanding of place value and
numeration.

The large percentage attributed to

subtracting smaller from larger shows insufficient
grasp of place value and rate memorization of the
algorithm, i.e., take away the small number from the
large one.
Increased understanding of place value, demonstrated
by Type 2, also accounted for the decrease in vertical
multiplication.

Misplacing columns in mUltiplication
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too decreased by grade 8.

This indicated better

comprehension of place value.
The concept of zero was a universal problem,
though somewhat less in grade 5.

Answers suggested

that students knew no value for zero as a place holder.
In effect, it was ignored.
Students in grades 5 and 8 needed problem solving
skills for multi-step problems.

In multiplication

especially, the breakdown of the algorithm was
demonstrated by inconsistencies of procedure, failure
to add carried numbers, sloppy addition, and lack of
facts.

A lapse in concentration was evident.

The lack

of the prerequisite skill of mental addition was
demonstrated in these examples:
~

~5

28

x

7
186

679
x
6
4174

4~

679
6
5074

x

Assuming that the multiplication facts were correct,
the students were unable to add mentally in the final
step.
Finally, the division process showed significant
percentages of omitting zeros and partial products.
The decrease of Type 16 from grade 5 to 8 shows
increased accuracy in the division algorithm with
practice.

However, the place value misconception
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persisted within the algorithm as demonstrated by a
rise in Type 13 errors.
Of all the causes, mastery of basic facts and a
firm foundation of place value and numeration are the
most prevalent.

Scores would increase with added

attention to these areas.
Implications
The following are suggestions based upon the
findings of this study:
1.
diagnose.
2.

Tests need to be scored with the intent to
Scores alone are insufficient.
Students should be interviewed about

procedures used to compute.

Only after analysis can

remediation begin.
3.

Basic fact mastery should not be assumed.

Students should be tested and drilled in all grades.
4.

Emphasis upon place value should begin in

early grades, and reinforced with manipulatives.
Methods should continue to accent place value in higher
grades.
5.

Estimation of answers should be required

prior to computation.
6.

Drills on mental addition should be completed

before multiplication is introduced.
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7.

Identification of specific error patterns

should be included in all undergraduate teaching
curriculums.
8.

Testing instruments should be redesigned to

help to identify error patterns.

Standardized tests

should be evaluated in this area.
9.

Tests should be hand-scored versus

computer-scored, with students' work displayed.
Suggestions for Future Study
This study was limited to a comparison of error
patterns in grades 3, 5, and 8.

Future studies could

extend the comparison to other grades.

Also, error

patterns should be examined in fractions, decimals, and
other areas like algebra.

Error types could be studied

for groups of students using different teaching
techniques, or from different school systems in other
nations.
Computer assisted instruction should be explored.
The primary questions would be:
1.

Do students using CAl develop fewer or

different error patterns?
2.

How effective is CAl in remediation of error

patterns?
3.

How do two groups of students compare, one

taught with CAl, and the other taught with conventional
methods?

40

Summary
This study was designed to identify and compare
computational error patterns for elementary students in
grades 3, 5, and 8.

Previous studies have determined

that error patterns occur regularly in students' work,
particularly in subtraction.

Also, error patterns

persisted for a year for one-fourth of the students
tested by L. S. Cox (1975).
Several factors were mentioned frequently which
contribute to student error.

The most prevalent are:

lack of knowledge of basic multiplication and addition
facts; confusion in the regrouping process for addition
and subtraction; lack of understanding or application
of place value; and mistakes involving zero and one
(identities) •
Remediation must be based upon careful analysis of
student errors, in light of the listed specific error
types.

Teaching methods and materials should reflect

an understanding of the propensity toward error patterns.
And finally, curriculum and computer assisted instruction
must be open to revision regarding these findings.
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